INTRODUCTION
Enterovirus infections have been recognised as one of the more common childhood infections. Available literature has focused mainly on hand, foot and mouth disease (HFMD), herpangina and enterovirus 71 (EV71) infections. Numerous outbreaks of HFMD have been reported in Asia, including in Singapore, (1) Malaysia, (2) Taiwan, (3) Korea, (4) Vietnam (5) and China, (6) indicating that this is a significant problem in the region. Neurological manifestations associated with enterovirus infections include aseptic meningitis, encephalitis, polio-like syndrome (7) and myoclonic jerks. (8) In 2008, Singapore experienced one of its largest HFMD outbreaks with 29,686 cases. (9) In a Singaporean study involving 43 children with HFMD during the 2008 outbreak, the most prevalent enterovirus serotypes were coxsackievirus A6 (CA6), coxsackievirus A10 (CA10) and EV71, with CA6 and CA10 accounting for 23.5% and 11.8% of all HFMD cases, respectively, and EV71 accounting for 21.6% of the patients. (9) In a recent study involving children hospitalised for HFMD in China, EV71 and coxsackievirus A16 (CA16) accounted for 21% and 16.1% of patients, respectively. (10) Another recent study from Korea showed a predominance of EV71 (72.6%) isolation in children admitted for HFMD and herpangina. (7) All these studies reflect a varying distribution of enterovirus serotypes resulting in disease. EV71 is known to result in more neurological morbidity compared to other serotypes, including CA16 (10) and coxsackievirus A2. (11) Previous studies have shown that several factors, such as the patient's age, (12) presence of HFMD rash, duration of fever, peak body temperature and presence of neurological signs, (7) were associated with neurological manifestations in patients with HFMD and EV71 infections.
While there have been several previous studies on enterovirus infections in Singaporean children, none of these studies focused on the neurological manifestations associated with the disease. (1, 9, (13) (14) (15) This study aimed to describe the prevalence and range of neurological manifestations in Singaporean children diagnosed with enterovirus infections. It also aimed to determine the possible clinical characteristics associated with the development of neurological manifestations in these children and to assess differences in clinical outcomes for patients with and without neurological manifestations.
METHODS
This single-centre, retrospective, case-control study included all patients -from newborn infants to children aged 18 years -who required admission to the paediatric unit at National University Hospital (NUH), Singapore, after presenting to the outpatient Rectal and throat swabs were sent for enterovirus studies based on the clinical diagnosis of HFMD. Cerebrospinal fluid (CSF) studies were done in addition to rectal and throat swabs if the patient presented with neurological symptoms. Referrals were made to the paediatric neurology team for all patients with suspected neurological manifestations. Neurological manifestations were documented in the clinical notes after a clinical assessment by a paediatric neurology consultant. This ensured that the neurological assessment was reliable and also helped to minimise interobserver variability.
Patients were identified retrospectively through a positive enterovirus PCR test or virus isolation records maintained in the Department of Laboratory Medicine, NUH. A diagnosis of enterovirus infection was made if there was a positive enterovirus PCR test, or virus culture from CSF, throat or rectal swab samples. In addition, EV71 serotyping was carried out for patients who were positive for enterovirus PCR or viral culture.
Data was collected retrospectively from the medical records of these identified patients and reviewed; it included demographic data, clinical presentations and examination findings, presence of a pre-existing neurological disorder, occurrence of neurological manifestations, laboratory investigations, neuroimaging results, types of treatment administered and clinical outcomes. Case records were reviewed independently by a medical student and an experienced clinician (paediatrician) to ensure accuracy of data collection.
HFMD was defined as having vesiculopapular rashes over the hands, soles or buttocks, and mouth ulcers, while herpangina was defined as having oral ulcers without any skin rash. The development of neurological manifestations was defined as a diagnosis of any neurological disorder associated with the diagnosis of enterovirus infection. The presence of a pre-existing neurological disorder included a diagnosis of any neurological disorder that had been made prior to the presentation for enterovirus infection and that was included in the background history of the patient. 3 ) and a negative bacterial culture of the CSF samples obtained from lumbar puncture. (16, 17) Encephalitis was defined as having an acute brain infection associated with alteration in the level of consciousness. (18) Poor feeding was defined as taking less than half of the normal oral intake or requiring intravenous hydration.
Data was analysed using SPSS version 10.0 (SPSS Inc, Chicago, IL, USA). Normally distributed data was compared using Student's t-test; data that was not normally distributed was compared using Mann-Whitney U test. Categorical data was tested using Pearson's chi-square test or Fisher's exact test. A p-value < 0.05 was considered to be statistically significant.
RESULTS
A total of 48 patients were diagnosed with enterovirus infection during the study period based on a positive enterovirus PCR test, or culture reports of CSF, throat or rectal swab samples. The neurological manifestations seen in these patients are shown in Table I and Fig. 1 . 36 (75.0%) of the patients developed some form of neurological manifestation, 23 (63.9%) of whom presented with aseptic meningitis, 6 (16.7%) presented with encephalitis, and 8 (22.2%) developed seizures during the acute illness. Other neurological manifestations included acute cerebellitis (n = 1), transverse myelitis (n = 1) and autonomic dysfunction (n = 1). There were no clinical presentations with polio-like syndrome and no mortalities were recorded. Non-neurological presentations included HFMD, herpangina, gastrointestinal symptoms and acute liver dysfunction. There was a higher proportion of patients with HFMD among patients who did not develop neurological manifestations compared to those who developed neurological manifestations (33.3% vs. 2.8%; p = 0.011). There was no difference in the prevalence of other non-neurological presentations among patients with and without neurological manifestations.
The demographic data of the patients, including age range, is shown in Table II . There were 31 (64.6%) boys and 17 (35.4%) girls, with a median age of 4.3 months (range 6 days-17.8 years). The peak incidence of enterovirus infection was seen in patients aged ≤ 1 year (n = 28, 58.3%) (Fig. 2 ). There were 21 (43.8%) Chinese, 16 (33.3%) Malay and 4 (8.3%) Indian patients, with the rest (n = 7, 14.6%) belonging to other ethnicities.
Of the 28 infants (patients aged ≤ 1 year) with enterovirus infection, 18 (64.3%) developed neurological manifestations. In comparison, 18 out of 20 (90.0%) patients aged > 1 year presented with neurological manifestations. There was a significantly higher incidence of neurological manifestations in patients aged > 1 year (p = 0.043). There was no significant difference in gender or racial distribution between patients with and without neurological manifestations. Among the 48 patients in the study cohort, 8 (16.7%) were known to have pre-existing neurological disorders. This included a history of febrile seizures, migraine, chronic motor tics and cerebral palsy. There was no significant difference in the incidence of a pre-existing neurological disorder in patients with and without neurological manifestations.
The clinical manifestations of the patients are summarised in Table III . The most common presenting symptoms were fever (87.5%), lethargy and/or irritability (41.7%), and poor oral intake (35.4%). Of these presenting symptoms, only poor oral intake was significantly associated with patients without neurological manifestations; poor feeding was present in 75.0% of patients who did not develop neurological manifestations, but in only 22.2% of patients who developed neurological manifestations (p = 0.002). Headache, neck ache and/or photophobia, seizures and altered mental state were only present in patients who developed neurological manifestations. The median time from the onset of symptoms (such as fever) to hospital presentation was not significantly different between patients with and without neurological manifestations. Abnormal physical findings in the patients included abnormal tone (hypotonia and hypertonia) and reflexes (hyperreflexia and hyporeflexia), altered mental status, cerebellar signs and signs of meningism. All abnormal neurological findings were found in patients who developed neurological manifestations. Signs of meningism (such as nuchal rigidity, Kernig's sign and photophobia) were only present in patients diagnosed with aseptic meningitis. However, 69.6% of patients with aseptic meningitis did not display any signs of meningism.
Enterovirus was most commonly isolated successfully from rectal swabs (93.3%), followed by throat swabs (80.0%) and CSF samples (78.8%). In patients presenting with neurological manifestations, 90.0% of rectal swabs, 73.7% of throat swabs and 85.7% of CSF samples tested positive for enterovirus. In comparison, in patients without neurological manifestations, 100% of rectal and throat swabs and 40.0% of CSF samples tested positive for enterovirus. EV71 serotype testing was carried out in 23 of the 48 patients and EV71 was isolated from 13.0% of CSF, throat or rectal swab samples tested. Only 5.3% of patients with neurological manifestations tested positive for EV71, while 50.0% of patients without neurological manifestations tested positive for EV71. There was no significant difference in the rates of EV71 isolation in patients with and without neurological manifestations. Of the three patients who tested positive for EV71 serotype, only 1 (33.3%) patient developed neurological manifestations.
The findings of laboratory investigations for these patients are summarised in Table IV Neuroimaging and electroencephalogram (EEG) were done for patients with neurological manifestations based on clinical indications. EEG was performed for all patients who presented with seizures. The EEG protocol of the study centre mandated that the EEG be done in the acute setting if there were concerns about subclinical seizures or non-convulsive status epilepticus. If otherwise, EEG would be done 2-3 weeks after the acute seizures. Of the seven patients who were investigated with EEG due to seizures, five showed EEG abnormalities. All neuroimaging was done during admission for the acute infection and 40% of imaging performed in patients who developed neurological manifestations was found to be abnormal. Based on magnetic resonance (MR) imaging, one patient demonstrated a hyperintense, non-enhancing lesion in the cervical spinal cord consistent with the clinical diagnosis of transverse myelitis, two patients had subcortical white matter changes bilaterally, and another patient was found to have hyperintensities in the basal ganglia and brainstem. These patients did not have any pre-existing neurological disorders prior to the acute presentation. One patient with a background history of cerebral palsy had areas of restricted diffusion involving the corpus callosum and bilateral globus pallidus on previous MR imaging Only two of these six patients required long-term antiepileptic medications for more than six months' duration. There was no significant difference in treatment between patients with and without neurological manifestations.
Clinical outcomes assessed included long-term neurological sequelae; loss of independence of activities of daily living (ADL) in patients who were able to perform self-care before the onset of enterovirus infection; ventilator dependence following hospital discharge; and total duration of hospitalisation ( Table V) . Among all patients, the median time to post-morbid assessment of longterm neurological sequelae in this study was eight months. Of the 48 patients recruited for this study, 6 (12.5%) were lost to follow-up. The clinical assessment for long-term neurological outcomes was carried out by a paediatrician in the outpatient clinic. Follow-up for these patients was based on the clinical decision of the paediatrician in charge after the follow-up assessment. Children who continued to demonstrate postdischarge neurological sequelae were followed up regularly as clinically indicated.
Of the 36 patients who developed neurological manifestations during the enterovirus infection, 6 (16.7%) patients demonstrated long-term neurological sequelae. Long-term neurological sequelae that were observed included epilepsy (n = 1), chronic myoclonic jerks (n = 1), behavioural changes or cognitive decline (n = 1), developmental delay (n = 2) and autonomic dysfunction (n = 1). In the patient who had persistent autonomic dysfunction with mydriasis, widespread loss of sweating and bladder dysfunction was seen. All the long-term neurological sequelae observed in our study developed after the onset of enterovirus infection and occurred in patients without pre-existing neurological disorders. None of these patients were ventilator-dependent after hospital discharge.
The median duration of hospitalisation was 4.8 (range 1-35) days. Of the four patients who were hospitalised beyond 14 days, three patients required management of comorbidities unrelated to the enterovirus infection and one patient required extended caregiver training for home nasogastric tube feeding. There was no significant difference in time to post-morbid assessment between patients with and without neurological manifestations. There was also no significant difference in the duration of hospitalisation between the two groups of patients. 
DISCUSSION
While several previous studies examined Singaporean children with enterovirus infections, (1, 9, (13) (14) (15) none of them focused on the neurological manifestations associated with the disease. This is of clinical concern, as enterovirus infection is one of the more common childhood infections and the neurological manifestations arising from enterovirus infections can lead to long-term neurological sequelae.
In this study, we found that 75.0% of patients with documented enterovirus infections presented with some form of neurological manifestation. This result is reflective of a population of patients who are diagnosed with enterovirus infection and require hospital admission. Two-thirds of these patients presented with aseptic meningitis, while the rest presented with encephalitis, acute cerebellitis, transverse myelitis and autonomic dysfunction, indicative of a broad spectrum of neurological morbidities associated with enterovirus infections in Singaporean children.
We detected unusual neurological disease presentations, including acute cerebellitis and autonomic dysfunction. A patient with acute cerebellitis developed signs of cerebellar dysfunction two days after the onset of symptoms of infection. Another patient presented with mydriasis, widespread loss of sweating and bladder dysfunction during the acute infection. These unusual neurological disease presentations should be recognised as part of the wide spectrum of neurological manifestations associated with enterovirus infections.
In a study from Taiwan, Wang et al found that with decreasing age of onset of the enterovirus infection, there was an increase in disease severity with regard to central nervous system complications. (12) Only 13.4% of children were aged below one year in their study. In comparison, we found that the peak incidence of enterovirus infection in our local population was before one year of age. We also noted that there was a higher incidence of neurological manifestations in children aged over one year. The reasons for the above observations, based on our study, are unclear. It may be a reflection of the varying distribution of enterovirus serotypes, resulting in differences in disease presentation. Future studies involving non-EV71 serotyping for children with enterovirus infections may provide us with more information.
In our study, headache, photophobia, seizures, presence of abnormal physical signs and CSF pleocytosis were only found in patients who developed neurological manifestations. The presence of these symptoms and signs could indicate the development of neurological complications in a child diagnosed with enterovirus infection. This is not unexpected, as a Korean study by Kim et al showed that headache and neurological signs were significantly associated with neurological complications in HFMD infections. (7) In addition, our finding that CSF pleocytosis was only detected in patients who developed neurological manifestations suggests that a spinal tap can be both diagnostic and prognostic for the development of neurological manifestations in these children. While we found that poor oral intake was associated with children who did not develop any neurological manifestations, this may not be clinically significant. We did not identify other non-neurological symptoms that were associated with the development of neurological manifestations in our study.
The EV71 serotype was isolated from only 13.0% of our tested samples from CSF, throat or rectal swabs, indicating that EV71 remains a relatively infrequent serotype locally. The EV71 serotype has been known to be more frequently associated with neurological complications and chronic neurological sequelae. One study from China showed that neurological manifestations were found in 73% of EV71-infected children and 27.9% of CA16-infected children. (10) However, in our study, only 5.3% of children who developed neurological manifestations tested positive for the EV71 serotype, and 66.7% (two out of three children) who tested positive for EV71 serotype did not develop any neurological manifestations. Although the numbers in our study were low, these findings emphasised the variability of neurological involvement with the EV71 strain despite its known virulence. It also highlights the occurrence of mild EV71 disease with no neurological manifestations.
Our results suggest that enterovirus infections can be associated with significant long-term neurological sequelae, as 16.7% of our patients with neurological morbidities developed sequelae such as epilepsy, chronic myoclonic jerks, behavioural changes or cognitive decline, developmental delay and autonomic dysfunction. The rate of long-term neurological sequelae in children with enterovirus infections in our study was comparable to that of viral infections of other aetiologies. For instance, in a study looking at neurological complications associated with varicella zoster infections, residual neurological sequelae at one year occurred in nine of 39 children (23.1%) with follow-up data. (19) The small number of patients in this cohort should be recognised as a major limitation of the study. A larger number of patients may be necessary to verify significant results in future cohort studies. In addition, only EV71 serotype identification was carried out. It would be useful to include the identification of other viral serotypes in future studies, so that their association with the range of clinical manifestations and comorbidities can be reviewed. This would provide us with better accuracy in predicting disease severity in children from our local population who are infected with enterovirus infections, based on known viral serotypes involved in local disease outbreaks. Furthermore, with new virulent strains affecting regions of North America recently, (20) (21) (22) it would be important to establish the identification of enterovirus strains as part of regular surveillance in Singapore.
In conclusion, we identified a broad spectrum of neurological manifestations, including some unusual neurological disease presentations, in Singaporean children with enterovirus infections. However, the incidence of long-term neurological sequelae remained low, as observed in our study. Nonetheless, some of these neurological morbidities were severe and, therefore, careful evaluation of children with neurological involvement is necessary. Further work needs to be done so that we can have a better understanding of the wide spectrum of disease presentations and clinical morbidities associated with enterovirus infections in the paediatric population.
